Introduction
The mechanical basis for the relatively slow, normal flow of glaciers and ice sheets is by now reasonably well understood [Paterson, 1981] . In contrast, the cause of the rapid flow that occurs in glacier surges, in tidewater glaciers, and in ice streams within the large ice sheets is very imperfectly known and has therefore become the subject of concentrated research efforts, which were brought to a focus in the 1986 Chapman Conference on fast glacier flow [Clarke, 1987] . Rapid flow in grounded tidewater glaciers, which has sometimes been called "continuous surging," is an aspect of the phenomenon that has not been extensively studied. A detailed investigation of Columbia Glacier (large tidewater glacier near Valdez, Alaska) in a multiyear U.S. Geological Survey project by Meier and others [Post, 1975 
every 10 min, weather permitting, using two electronic distance meters (EDM) connected to an automated control and data acquisition system. The motion of these two markers was almost directly toward (in the case of km 52) or away (in the case of km 59) from Kadin. Manual repointing of the EDMs was necessary several times a day. Distances were corrected for atmospheric temperature and pressure using data obtained at Kadin. Angles to the two markers were measured with a theodolite approximately every 2 hours, visibility permitting. After removal of a few wildly aberrant values, distance and angle data were converted to displacements in successive time intervals; the standard error per observation is estimated to be 9 mm. The displacement data were smoothed with a cubic spline function that provides the smallest possible mean squared acceleration, consistent with having a mean squared deviation from the observations less than or equal to that of the measuring system (9 mm). This function was then differentiated to obtain velocity. Several Water input. Water input to the glacier was determined by measurements of precipitation, ice surface lowering (ablation), and the filling rate of an adjacent glacier-dammed lake, supplemented with observations of air temperature and wind speed. Ablation was measured by two specially constructed ablatographs; each consisted of three dowel crosses as floats suspended from a digital water-stage recorder attached to poles set securely in the ice. These were situated south of Kadin in easily accessible ice, but unfortunately were in the wind shadow of the Kadin ridge and adjacent ice fall at times of the several high downglacier wind events. Readings were taken automatically every 15 min, but because of changes in the ice surface structure (e.g., subsurface melting at times of high solar radiation), only values averaged over several hours are considered significant.
The filling of Kadin Lake (Figure 2 ) also provided a direct measure of fluctuations in water input to Columbia Glacier. A hydrologic study of this glacier-dammed lake, which included separate analyses of ice melt, snow melt, precipitation, and change in water volume, indicated that outflow from the lake was either zero or very small and constant during the period of observations [Stone, 1988] . Thus the rate of change of volume could be used as a measure of water input to this drainage basin and, by analogy, of the water input to the adjacent surface of Columbia Glacier. The stage of Kadin Lake was observed with a pressure transducer connected to a data logger (Figure 2) . Although useful in a relative sense, the Kadin Lake filling rate could not be used as an absolute measure of water input per unit area of the glacier surface because Kadin Lake is fed partly by an off-glacier drainage basin and partly from Columbia Glacier; the size of the water collection area on or under the glacier is, however, unknown.
Meteorological data, including precipitation, incident solar radiation, wind speed and direction, and air temperature were taken at Kadin and recorded on a data logger. Additional precipitation data were taken at Kadin Lake and at Gate (Figures 1 and 2) .
Water output. This could not be measured directly as the outflow discharges into ocean water at a depth of about 300 m under a calving terminus into a fjord jammed with icebergs. Instead, runoff of Number One River was measured where it emerges from the terminus of the East Lobe of Columbia Glacier at Gate (Figure 1 ). Water stage was observed with a pressure transducer connected to a data logger. The stagedischarge relation was established using the fluorescent dye dilution method. Although only four discharge measurements at differing stages could be made, the channel (bedrock constriction above a waterfall) and thus the rating curve appeared to be stable. Unfortunately, the hydrologic 
Significance of Observed Water Levels
The extent to which the observed water levels represent "true water levels" that correspond manometrically to the actual pressures in the basal water conduit system depends on how good the hydraulic connection was between each borehole and the basal water system. Observations bearing on this question are the following.
1. In all holes, the water level, which initially stood at or near the ice surface, dropped to near the flotation level at or shortly after the bed was reached in drilling, sometimes even before. The water level drop is seen in Figures 5 (curves h  and i) 3. Heavy downflow of water was recognized from its roaring noise heard in boreholes U-3 and D-2. This constitutes a kind of natural pumping test that is a very favorable indication of good hydraulic connection to the basal water system. The fact that the connection in these holes continued through the observation season is perhaps because of the continuing heavy downflow. The actual drop in hydraulic head due to the downflow is not known, but from previous experience we believe that in such a situation of rapid downflow, the connecting passageway from the borehole to the conduit system is enlarged by melting and the drop in head is small [Engelhardt, 1978] 
